Abstract. Two active forms of purified ATP :glutamine synthetase adenylyltransferase from Escherichia coli are apparent on polyacrylamide gel electrophoresis at pH 8. The slower migrating component, which is identical to the PI-protein fraction of the glutamine synthetase deadenylylating enzyme system, has s20, The ATP: glutamine synthetase adenylyltransferase (ATase) is a part of an elaborate system for the regulation of glutamine synthetase activity in Escherichia coli.1-6 The adenylyltransferase catalyzes the covalent attachment of a 5'-adenylyl group to each of the 12 subunits of glutamine synthetase2'3'5-8 and thereby markedly changes the catalytic and regulatory characteristics of the synthetase.'-0 The 5'-adenylyl group is esterified in phosphodiester linkage to the phenolic hydroxyl moiety of a specific tyrosyl residue of the subunit polypeptide chain."'12 In E. coli, there exists also a complex deadenylylating enzyme system that specifically catalyzes the removal of 5'-adenylyl groups from glutamine synthetase.53 1314 Ebner et al.'-recently described the purification and some properties of ATase from E. coli B, whereas an ATase of low molecular weight was isolated from E. coli W in this laboratory'6. Except for its smaller size, many characteristics of the enzyme from the W strain were similar to those of the enzyme studied in Holzer's laboratory.6" 5"l7 The studies of Anderson et al.'8 and the present report show that ATase activity can be associated with the PI-protein fraction of the deadenylylating enzyme system. This communication gives information on the relationship of the two active molecular forms of ATase obtained during the purification of this enzyme. Materials and Methods. Three different ATase preparations were used: (1) Fractions from the hydroxyapatite column described in Fig. 3 of ref. 18, containing >400 units ATase per mg protein, were combined and dialyzed against 10 mM potassium 1761
5.1 S and a molecular weight of about 130,000. The more rapidly migrating adenylyltransferase component has s20, --4.0 S and a molecular weight of about 70,000. During storage at 4VC, the larger adenylyltransferase component (PI) converts to the smaller active unit with a concomitant loss of both PI deadenylylating activity and soluble protein. It is concluded that the low-molecular weight form of the adenylyltransferase is a subunit of the deadenylylating PI-protein.
The ATP: glutamine synthetase adenylyltransferase (ATase) is a part of an elaborate system for the regulation of glutamine synthetase activity in Escherichia coli.1-6 The adenylyltransferase catalyzes the covalent attachment of a 5'-adenylyl group to each of the 12 subunits of glutamine synthetase2'3'5-8 and thereby markedly changes the catalytic and regulatory characteristics of the synthetase.'-0 The 5'-adenylyl group is esterified in phosphodiester linkage to the phenolic hydroxyl moiety of a specific tyrosyl residue of the subunit polypeptide chain." '12 In E. coli, there exists also a complex deadenylylating enzyme system that specifically catalyzes the removal of 5'-adenylyl groups from glutamine synthetase.53 1314 Ebner et al.'-recently described the purification and some properties of ATase from E. coli B, whereas an ATase of low molecular weight was isolated from E. coli W in this laboratory'6. Except for its smaller size, many characteristics of the enzyme from the W strain were similar to those of the enzyme studied in Holzer's laboratory.6" 5"l7 The studies of Anderson et al. ' 8 and the present report show that ATase activity can be associated with the PI-protein fraction of the deadenylylating enzyme system. This communication gives information on the relationship of the two active molecular forms of ATase obtained during the purification of this enzyme.
Materials and Methods. Three different ATase preparations were used: (1) Fractions from the hydroxyapatite column described in Fig. 3 chromatographic separations on hydroxyapatite there appeared to have been some conversion to a form that retains ATase activity but is without PI-DA activity.
Heat inactivation: Results illustrated in Fig. 2 suggest that the combined fractions [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] (Fig. 1) contain two forms of ATase that differ in heat stability. Plots of the logarithm of relative activities versus the reciprocal of absolute temperature are shown in Fig. 2B . The linear relationship observed for the decrease in Pi-DA activity indicates the presence of probably only one protein with DA activity; the nonlinear relationship observed for the inactivation of ATase suggests the presence of more than one protein with ATase activity. Heating the purified Pi-protein under the same conditions produced symmetrical and parallel losses in both DA and ATase activities with increasing temperature.'8 The data of Fig. 2 suggest that the PI-ATase is more sensitive to heat inactivation than is the ATase without PI-DA activity.
Separation of the two active forms of ATase by polyacrylamide gel electrophoresis: As is shown in Fig. 3 Results from a study to be published elsewherel6 also are shown in Table 1 . The electrophoretically fast migrating ATase that was previously isolated'6 had 820,w = 4 S as measured by sucrose density centrifugation;25 this ATase form sedimented at about the same velocity as bovine hemoglobin. For a spherical globular protein, 4.1 S corresponds to a molecular weight of about 68,000. An enzyme fraction from an early step in the purification procedure (acid-ammonium sulfate step 419) sedimented in a sucrose gradient at about 5.1 S.
The mixture of ATase forms (Table 1) this mixture was about 60%0o ATase with a molecular weight of about 70,000, the calculated molecular weight of the Pi-ATase form is about 130,000.
When purified PI-protein"8 was treated with 1% sodium dodecyl sulfate and then subjected to polyacrylamide electrophoresis in detergent,24 two equally intense bands were visible after staining. The two bands corresponded to molecular weights of about 70,000 and 60,000. The 4.1S ATase had an apparent molecular weight of about 69,000 as measured by gel electrophoresis (unpublished data). The sum of the subunit molecular weights of the PI-protein is -130,000. If the electrophoretically fast migrating ATase is a subunit of the PI-protein, then the subunit required for deadenylylating activity has a molecular weight of about 60,000. Thus, the PI-protein appears to be composed of two polypeptide chains of unequal size, with the slightly larger unit being the ATase subunit. The formation of a precipitate when the 5.1S PI-ATase unit is converted to the 4.0S ATase suggests that once the PI-ATase molecules are dissociated, the deadenylylating subunits have a high tendency to aggregate and precipitate from solution, whereas the ATase subunits remain in solution as monomeric units.
The about 130,000 molecular weight extrapolated here for the PI-protein agrees with the molecular weights of 120,0006 and 145,00015 reported for the ATase isolated and characterized in another laboratory.4-61 51 7 The PI-protein appears to be quite asymmetric since a particle of 130,000 molecular weight and 820w, of about 5.1 S would have a rather high frictional coefficient; the calculated value for D20,w is -3.5 X 10-7 cm2 sec-1. The smaller ATase unit, of about 69,000 molecular weight and s20,w t.4.0 S, has a calculated D20,w of .-5.2 X 10-7 cm2sec-1. Sedimentation equilibrium studies with purified fractions of P,18 and the 4.OS ATase are in progress.
Interaction between the different protein components: In ATase assays, there was no evidence of interaction between the PI-protein and the low-molecular weight ATase form. Mixtures of the two gave additive ATase activities.
Also, addition of the purified PI,-.protein18 to the PI-protein (as in the deadenylylating assay system) had no influence on the ATase activity of PI, nor did PI, affect the ATase activity of the small ATase unit. In contrast, the addition of equal quantities of the low-molecular-weight ATase, which itself has no deadenylylating activity, to the PI-protein inhibited PI-DA activity 22%, indicating that the small ATase does interact with the PI-protein. This was evident also in sedimentation velocity experiments in which the 4.OS ATase and the 5.1S P1-ATase components were somewhat resolved only when the mass ratio of 5.1 S:4.0 S was about 0.1 :0.9.
Selective inhibition of ATase activity by p-chloromercuriphenyl sulfonate: The small ATase subunit (70,000 daltons) is completely inhibited by 2 hr incubation with The fact that dissociation of the PI-protein leads to loss of DA-activity suggests that the ATase subunit, in its presumed role as an adenylyl group carrier, could be directly involved in both adenylylation and deadenylylation reactions. In this case the DA subunit, together with the P,,-protein component of the DA system, would be concerned with regulation and catalysis of a phosphorolytic cleavage of the, as yet hypothetical, adenylyl-ATase complex to yield ADP. Alternatively, the ATase subunit may not have a direct catalytic role in deadenylylation but its specific interaction with the DA subunit could be necessary to stabilize the active conformation of the DA subunit. The fact that inactivation of the Pi-ATase activity by PMPS did not result in loss of PI-DA activity suggests that the ATase may not have a catalytic role in the deadenylylation. reaction. However, the results obtained with PMPS could be misleading if, for example, the effect of PMPS involves modification of the effector site for glutamine, which is required for ATase activity, but not for DA-activity.
Even though a perfect correspondence between the glutamate-dependent PP,-ATP exchange activity and PI-DA activity has not been observed'8 (see also Fig. 1 ), the possibility that this exchange activity is a property of the PI-protein has not been excluded. If so, the fact that PMIPS does not affect the exchange activity of PI-preparations might suggest that the exchange activity is a function of the DA-subunit.
